The aim of this study was to clarify the general status and historical transition of endovascular therapy (EVT) of acute stroke with major vessel occlusion before approval of mechanical thrombectomy devices in Japan from January 2005 to December 2009. We extracted 1,409 acute ischemic stroke patients receiving EVT (513 women, 69.8 ± 11.8 years) from two nationwide registry studies, the Japanese Registry of Neuroendovascular Therapy (JR-NET) and JR-NET 2. The median baseline National Institutes of Health Stroke Scale (NIHSS) score was 18, and 81.3% of the patients received EVT within 6 hours after symptom onset. The culprit occluded arteries were the internal carotid artery (ICA) in 21.2%, middle cerebral artery (MCA) in 53.0%, and basilar artery (BA) in 20.6%. Intravenous thrombolysis was administered to 6.7% of the patients, and EVT mainly consisted of intra-arterial thrombolysis and percutaneous balloon angioplasty/balloon clot disruption. The final recanalization rate was 82.5%, and the clinical outcome was favorable in 35.8% and fatal in 11.6% at 30 days after onset or at discharge. There was no significant change in neurological severity at baseline throughout the study period, but the onset-to-treatment time became longer and the proportion of ICA or BA occlusion increased annually. Although the final recanalization rate was similar throughout the study period, the incidence of a favorable outcome tended to decreased annually from 41.0% to 29.0%. These results could be considered as baseline data that can be used to validate the beneficial effects of novel EVT devices in Japan.
Introduction
acute stroke with major vessel occlusion is generally recognized as a serious disease. immediate recanalization by intravenous (iV) thrombolysis using recombinant tissue plasminogen activator (t-Pa) is not sufficiently achieved in such stroke patients. in recent years, endovascular therapy (EVt) using mechanical thrombectomy devices has been evaluated in stroke patients with major vessel occlusion. the results of several studies have shown immediate recanalization with better clinical outcomes than were obtained with thrombolytic therapy. [1] [2] [3] [4] [5] [6] the Japanese registry of Neuroendovascular therapy (Jr-NEt) 1 and Jr-NEt 2 were created to clarify the general status of neuroendovascular therapy performed by specialist physicians certified by the Japanese Society for Neuroendovascular therapy (JSNEt). Clinical and procedural data on a total of 32,000 neuroendovascular procedures were retrospectively collected from January 2005 to december 2006 (Jr-NEt 1) and from January 2007 to december 2009 (Jr-NEt 2). the two study periods encompassed the time form approval of iV t-Pa (october 2005) in Japan until the approval of the Merci retriever (Concentric Medical, Mountain View, California, uSa, 2010) and Penumbra System (Penumbra inc., alameda, California, uSa, 2011) thrombectomy devices.
the aim of this study was to clarify the general status of endovascular treatment of acute stroke with major vessel occlusion before approval of mechanical thrombectomy devices in Japan, and to determine if there were changes in stroke characteristics or treatment patterns throughout the periods encompassed by Jr-NEt 1 and 2.
Materials and Methods
among all datasets of Jr-NEt 1 and 2, we extracted 1,409 patients (619 from Jr-NEt 1 and 790 from Jr-NEt 2; 513 women; mean age, 69.8 ± 11.9 years) who underwent endovascular revascularization therapy for acute stroke with major vessel occlusion. the institutional review Board at each center approved the use of retrospective data from the patients.
we compared the following baseline characteristics between Jr-NEt 1 and 2: age, sex, baseline National institutes of Health Stroke Scale (NiHSS) score, stroke subtypes, and culprit occluded arteries. Furthermore, we compared the use of computed tomography (Ct), magnetic resonance imaging (Mri), and the onset-to-treatment time (ott) between the two studies. we also compared the two studies for the use of revascularization procedures such as endovascular treatment (EVt) with or without preceding iV t-Pa, stand-alone intra-arterial thrombolysis (iat), stand-alone percutaneous transluminal angioplasty (Pta)/balloon clot disruption (BCd), other single procedures including stenting, thromboaspiration or clot retrieval, the combination of iat and Pta/BCd, and other procedural combinations. Moreover, we determined if there were differences between the two studies in the recanalization rate (complete, partial, or none), symptomatic procedural complications with any clinical deterioration within 24 hours of EVt (intracranial hemorrhage or ischemia, puncture site, and other systemic complications) and clinical outcomes. a favorable clinical outcome was defined as a modified rankin scale (mrS) score of 0-2 and a poor outcome as a mrS score of 5-6 or death at 30 days after stroke onset. Finally, we analyzed the annual transition in baseline characteristics, the use of iV t-Pa and EVt procedures, and the treatment results in the two studies. For the annual transition analysis, we divided the entire period encompassed by the two studies into six periods: the first period the culprit occluded arteries were separated into the internal carotid artery [iCa, including simultaneous middle cerebral artery (MCa) and/or other vessel occlusion]; the MCa (isolated MCa occlusion); the basilar artery (Ba), including simultaneous vertebral and/or posterior cerebral artery occlusion); and the other arteries.
iV t-Pa was performed using 0.6 mg/kg of alteplase, and EVt procedures were done according to protocol at each center by a JSNEt-certified specialist physician or operator.
the recanalization status was evaluated angiographically at the end of EVt by the attending physician at each center. Partial recanalization was defined as any degree of recanalization other than complete. the mrS score at hospital discharge was used as a substitute for outcome when 30-day outcome data were unavailable. Hemorrhagic events after severe stroke that were unrelated to any EVt procedure were not collected in this retrospective analysis.
data were statistically analyzed with iBM SPSS Statistics 20 software (iBM SPSS, Chicago, illinois, uSa). we used a chi-square test, Fisher's exact test, Mann-whitney u-test, or kruskal-wallis test, as appropriate. a p-value < 0.05 was considered significant. V. Annual transition analyses the rate that Mri was performed significantly increased from 72.9% in the first period to 92.1% in the third period (p = 0.005 comparing the first and second periods; p = 0.013 comparing the second and third periods), and was subsequently as high as around 90% (Fig. 1) . although stroke severity did not change annually throughout the study period (p = 0.352, Fig. 2 ), the incidence of iCa or Ba occlusion tended to increase after approval of iV t-Pa in contrast with MCa occlusion (iCa, p = 0.031; Ba, p = 0.053; MCa, p = 0.026; and > 12 hours in 7.3%. table 2 shows information on the revascularization procedures. iV t-Pa was administered in 6.7% of the patients prior to EVt. EVt mainly consisted of iat and Pta/BCd using a Pta balloon. Stand-alone iat was performed in 37.4%: ia urokinase (uk) was administered in 34.4%, ia t-Pa in 2.2%, and ia uk + t-Pa in 0.7%; the combination of iat and Pta/BCd was used in 27.4% and stand-alone Pta/ BCd in 16.0%. the frequency of the combination including iat was 73.7%. 
Results

I. Patient characteristics
II. Revascularization procedures
III. Treatment results and procedural complications
IV. Comparison of JR-NET 1 and 2
tables 1, 2, and 3 present the clinical characteristics, treatment results, and statistical analysis of each registry study. there were no significant differences in age, sex, neurological severity, or stroke subtypes between Jr-NEt 1 and 2. However, there was a significantly higher rate of iCa occlusion and Ba occlusion in Jr-NEt 2 than in Jr-NEt 1, 
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from 87.7% in the first period to 54.4% in the last period (p < 0.001, Fig. 6 ). despite the lack of a significant annual change in mortality or the proportion of patients with poor outcome, the proportion of patients with a favorable outcome decreased from 41.0% to 29.0% throughout the study period (p = 0.025 comparing the first and fifth periods; Fig. 7) . the procedural complication rate showed no significant change throughout the study period, but there was a significant decrease in rate of all complications (p = 0.033); there was an insignificant trend for a decrease in the rate of intracranial hemorrhage . 3) . the proportion of patients with ott within 3 hours significantly decreased from 51.4% in the first period to 23.8% in the last period (p < 0.001, Fig. 4) .
the proportion of patients receiving iV t-Pa showed an annual increase from 1.5% in the second period just after the approval of iV t-Pa to 16.0% in the fifth period (p = 0.015 comparing the third and fourth periods; p = 0.015 comparing the fourth and fifth periods; Fig. 5 ). in contrast, the frequency of EVt procedures including iat abruptly dropped Neurol Med Chir (Tokyo) 54, January, 2014 of iV t-Pa in Japan before the use of thrombectomy devices. we found that EVt for acute stroke with major vessel occlusion was mainly performed for Mri-evaluated severe stroke patients (median NiHSS score, 18) within 6 hours after onset, using mainly iat and Pta/BCd. the final recanalization rate of EVt in Jr-NEt 1 and 2 combined was 82.5%, and this is higher than that obtained by intra-arterial urokinase therapy for between the first and second periods (p = 0.290, Fig. 8 ).
Discussion
this study is the first nationwide survey of endovascular revascularization treatment for acute stroke with major vessel occlusion, and provides important information about EVt status after the introduction 
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MCa occlusion in the MCa Embolism Local Fibrinolytic intervention trial (MELt) in Japan (73.7%). 7) the 82.5% recanalization rate that we observed is also higher than that reported for iV t-Pa for MCa occlusion in the Japan alteplase Clinical trial (J-aCt) ii (51.7%) 8) and that obtained in the Japanese initial experience of 15 centers using the Merci retriever (74.6%). 9) However, the interpretation of the results of these different studies requires caution, as complete recanalization was limited to 32.5% in our study and the recanalization grade that we used is not congruent with the generally accepted ordinal recanalization scale [thrombolysis in Myocardial infarction (tiMi) 10) or thrombolysis in Cerebral infarction (tiCi) 11) grade evaluated by angiography, or the modified Mori grade by Mra 8) ]. it has been reported that recanalization after Pta/BCd is better than stand-alone iat, 12, 13) and Pta/BCd enhances the thrombolytic effect of iat.
14) the recanalization rate in our study reflects the final result of an EVt strategy that mainly consisted of iat and Pta/BCd. the proportion of patients with a favorable outcome was 35.8% in our study. this result is similar to or even better than the outcome results of some studies using thrombectomy devices (MErCi trial, 27.7% 5) ; MultiMErCi trial, 36.0% 4) ; Japanese initial experience using Merci retriever, 28.2% 9) ; Penumbra Pivotal Stroke trial, 25%
2) ; the PoSt trial, 41.0% 6) ). Since there were some differences in baseline characteristics, especially neurological severity (our study included patients with an NiHSS score < 8 in 11.7%), a simple comparison among studies is difficult. a subanalysis limited to patients with a significant neurological deficit (NiHSS score ≥ 8) is needed. the procedural complication rate in our study was 9.8%, including intracranial hemorrhagic complications in 7%. these complication rates are thought to be acceptable compared with other studies (MErCi trial, 7.1% 5) ; Multi MErCi trial, 5.5% 4) ; Penumbra Pivotal Stroke trial, 12.8% 2) ; the PoSt trial, 5.7% 6) ). However, we cannot draw any final conclusions about the safety of EVt in this study because the definition of procedural complications and the performance rate of iV t-Pa were quite different among studies, and we lacked information on intracranial hemorrhage that was unrelated to EVt. Further study is needed to resolve this issue.
although there were no significant differences in neurological severity, sex, age, or stroke subtypes between Jr-NEt 1 and 2, the incidence of a culprit lesion in the iCa or Ba was higher in Jr-NEt 2, whereas the incidence of a culprit lesion in the MCa was lower, with a similar tendency in the annual transition. Furthermore, the ott became significantly longer throughout the study period. Considering revascularization procedures, the rate that iV t-Pa and Pta/BCd were performed increased throughout the study period, whereas the rate that iat was performed decreased from Jr-NEt 1 to Jr-NEt 2, with a similar tendency in the annual transition.
the proportion of patients who received iV t-Pa in the fifth period was only 16%, and lower than that of the Japanese initial experience with the Merci retriever (42.0%). 9) this might suggest that interventionists had less enthusiasm for subsequent EVt after iV t-Pa at that time for fear of hemorrhagic complications. Similarly, the changes in rate that EVt procedures were performed over time might reflect the fact that interventionists became more concerned about hemorrhagic complications due to proximal vessel occlusion such as iCa or Ba with a prolonged ott often causing a large infarct. in fact, the rate of procedural intracranial hemorrhagic complications in the first period was higher (9.4%) than those in the second to last periods after the approval of iV t-Pa (5.5-7.2%).
despite of lack of difference in the final recanalization rate between Jr-NEt 1 and 2, the proportion of patients who achieved a favorable outcome significantly decreased from 39% in Jr-NEt 1 to 32.2% in Jr-NEt 2 (p = 0.027), with a similar tendency in the annual transition. this provides additional evidence for shifting of the EVt indication to patients with higher risk factors such as ineligibility for iV t-Pa, proximal vessel occlusion, and longer ott.
this study has some limitations. this study was retrospective, and data were missing in some patients. the recanalization status and clinical outcomes were not evaluated by investigators who were blinded to the treatment strategy. in addition, the actual rate of tiCi grade 2B + 3 as an index of substantial recanalization was not clear because of the ambiguous definition of recanalization status. Furthermore, the actual safety of EVt procedures could not be determined since we were not certain of the number of intracranial hemorrhages that were unrelated to EVt. Finally, no data on pre-EVt cerebral parenchymal imaging findings were collected.
the ongoing Jr-NEt 3 study is collecting recanalization status defined by tiCi grade and information on the extent of the infarcted area defined by the alberta Stroke Program Early Ct Score (aSPECtS). this ongoing study is expected to give precise information on the general EVt status of acute stroke with major vessel occlusion in the post-thrombectomy device era in Japan.
Conclusion
EVt for acute stroke with major vessel occlusion was mainly performed with iat and/or Pta/BCd and resulted in recanalization rate of up to 82.5%, and 35.8% of the patients had a favorable outcome at 30 days after onset before approval of mechanical thrombectomy devices in Japan. the results of this study may be used as baseline data for validation of the Merci retriever (Concentric Medical, Mountain View, California, uSa), Penumbra System (Penumbra inc., alameda, California, uSa) or future novel EVt devices in Japan.
